Abstract
Introduction
The present era is known as the era of radiation based technologies in all walk of the human race. Electromagnetic shielding is reducing the electromagnetic field by blocking it with materials having either conductive, magnetic or both the characteristics. Shielding of Electromagnetic Interference (EMI) is in demand 1) due to the interference of wireless devices with digital devices, 2) due to the increasing sensitivity, and 3) due to increased importance of electronic devices [1] - [4] . Shielding is particularly required for power transformers containing vaults and other electronics that are related to electric power and telecommunications. The desired characteristics for obtaining advanced EMI shielding materials should preferably be a) light in weight, b) efficiently absorbing EM waves, c) possessing tunable absorption frequency, d) multifunctional, e) resistance to corrosion, f) flexible and g) having processing advantages [5] - [9] .
Conventional EMI shielding materials are made using synthetic grade compounds of barium, titanium, iron and MWCNTs. The chemical reaction among these compounds leads to the formation of barium titanate, iron oxides in MWCNTs composite matrix. As reported by Tan et al. (2010) and Iyer et al. (1993) , BaTiO 3 and TiO 2 posses high permittivity and dielectric constant, thereby improving the EMI shielding properties of the materials [10] [11] . Also as reported by Azadmanjiri et al. (2010) and Zhiguang Ding et al. (2015) , the magnetic phases due to Fe 2 O show a marked increase in the absorption of EMI waves [12] [13] .
In the present novel process red mud has been explored as a source of oxides of titanium and iron as precursor, MWCNTs provides desired electrical conductivity characteristics and barium hydroxide, being a source of barium for making advanced EMI shielding material. Red mud [14] is an aluminum industry waste which inherently contains varieties of elements namely iron, titanium, aluminum, silicon, calcium, magnesium and sodium etc and thus makes it a most suitable multi-component resource material for developing value added materials. Further these multi-elements in the red mud are present in the form of oxide, oxy-hydroxide and hydroxides, having low as well as high atomic numbers elements namely sodium, iron compounds respectively.
The unique structure and excellent properties of Carbon Nano Tubes (CNTs) (both single-walled and multiwalled (SWCNTs and MWCNTs)) like high aspect ratio, high conductivity, small diameter and mechanical strength have prompted its potential engineering applications, in the area of electronics, automotive and aerospace sectors. Further CNTs are use in electrostatic dissipation, electromagnetic interference (EMI) shielding, multilayer printed circuits and conductive coatings, etc. Several studies of using MWCNTs, as excellent option, for creating conductive composites for high-performance EMI shielding materials, have been reported [15] - [19] .
So far no serious efforts have been made to explore the iron and titanium precursors of Red mud and MWCNTs together, for the development of novel advanced EMI shielding material. In order to obtain particle size of developed advanced ARMC shielding material ranging from micron to submicron up to nano size, cetyltrimethylammonium bromide has been used for reducing the particles size down to the nanometer range as well as stabilizing the formed particles [20] [21].
Experimental

Material and Chemicals Required
Red Mud
The Red Mud was collected from HINDALCO, Renukoot (U.P) for the study was analyzed in the laboratory for physico-chemical characteristics and the results are given in Table 1 .
Chemicals
Multiwalled CNTs, Barium hydroxide, Sodium hydroxide, Cetyltrimethylammonium bromide (CTAB), ammonium nitrate were procured from Rankem and Ethylene glycol was procured from Merck. All the chemicals were used as such without further purification.
Procedure
The experimental work for the obtaining advanced ARMC shielding material has been divided into two parts in the following way.
1) Synthesis of tailored precursor powder Synthesis of tailored precursor powder was done by together refluxing of 10 g of Red mud, 10 g barium hydroxide, 10 g MWCNTs, 15 g of cetyltrimethylammonium bromide and 20 g of sodium hydroxide in 400 ml of ethylene glycol for the duration of 4 h. The product was then precipitated with 30 ml of aqueous ammonium nitrate solution (25 wt %) and washed with the same solution to ensure complete precipitation. The precipitate so obtained was dried in air oven at 110˚C for 2 h and grayish black tailored precursor powder was obtained.
2) Ceramic processing of tailored precursor powder to obtain advanced ARMC shielding material The resulting tailored precursor powder so obtained was converted in the form of rectangular coupon using warm press and was kept in furnace for sintering at 800˚C for two hours in argon atmosphere i.e. ceramic processing of tailored precursor to obtain EMI shielding material.
The various steps involved in the developed novel process for synthesis of advanced ARMC shielding materials shown in Figure 1 . 
Characterization
X-ray diffraction pattern was obtained on D8 advance X-ray diffractometer using Cu K α radiation to identify the various different phases. The X-ray diffraction intensity was recorded as a function of Bragg's 2θ in the angular range of 5˚ -70˚. The Photo luminescence measurement was recorded in Instrument Model: F-7000 FL Spectrophotometer with Serial Number: 2249-002 over the wavelength range from 300 nm to 700 nm. Field Emission Scanning Electron Microscope (FESEM), model NOVA NANOSEM-430 of COMFEI and Energy-dispersive X-ray spectroscopy (EDXA), Model X-MAX of Oxford was used for determination of morphology and microstructure. Sample was sonicated for a period of 15 minutes in acetone before mounting for FESEM and EDXA.
Results and Discussion
X-Ray Diffraction Studies
Identification of the various phases present in the synthesized advanced EMI shielding material formed during the reaction process was carried out by comparing the experimental inter planar spacing (d values) with those of the respective likely substances listed in the JCPDS standard X-ray diffraction (XRD) data files [22] . The X-ray diffraction spectrum (XRD) of the synthesized EMI material is shown in Figure 2 and the respective phases identified are given in Table 2 respectively.
In general the XRD patterns are composed of sharp peaks, indicating that the synthesized materials have good crystalline structure. The results of X-ray powder diffraction analysis of advanced material exhibited the presence of a diverse mineralogical phases and compounds namely barium iron titanium silicate (Bafertisite), barium aluminum silicate, iron titanium oxide, barium titanate, barium iron titanium oxide, barium aluminum oxide, magnetite, iron sulphide (troilite).
Crystallite size was obtained by using the Debye's Scherrer equation [23] :
where K is the shape factor, λ is the wavelength, β is the line broadening at half the maximum intensity (FWHM) in radians and θ is the Bragg angle. The crystallite size was of the synthesized material was found to be in the range from 10 -18 nm. 
Photoluminescence
The Photoluminescence spectra of the developed advanced ARMC shielding material is shown in Figure 3 and shows multiple peaks from 300 to 700 nm which confirms the presence of multi elemental and multi phased characteristics in the material. As reported by Ming-sheng Zhang et al. Strong photoluminescence spectrum centered at 696 nm was observed confirming the presence of barium titanate in the sample [24] . 
FESEM and EDXA Analysis
The particle size of synthesized advanced AFMC shielding material was examined using FESEM and EDXA respectively. Several particles were investigated to determine the particle size. FESEM image and EDXA spectra are shown in Figure 4 and Figure 5 respectively. The FESEM image showed that the particles are of spherical as well as irregular in shape confirming the multiple types of chemical composition in synthesized material. The size varies in the range up to 29 -46 nm. The EDXA spectra revealed the predominance of multi elements like Barium, titanium, Aluminum, Iron, Carbon, Magnesium, Silicon, Sodium, Calcium and Oxygen.
Permittivity and Permeability Study of Developed Advanced ARMC Shielding Material
The study of permittivity (ɛ) and permeability (µ) represents the dielectric and magnetic properties of the microwave absorber material. The real part of permittivity and permeability represents the storage of electric and magnetic energies respectively whereas the imaginary parts symbolize the loss and dissipation of both the energies. The real and imaginary component of permeability for advanced ARMC shielding material with thickness, t = 1.0 mm, over the range of 1 -13 GHz and is shown in Table 3 . The table shows real and imaginary part of permeability for advanced ARMC shielding material in which the complex permeability of the sample increases with the increase in frequency till 12 GHz, after which it decreases. This can be due to natural resonance or eddy current loss. It is well known fact that when any conducting material was put in an alternating magnetic field, a close induced current will be produced inside the material, which dissipates the energy. This dissipation of energy is known as eddy current loss. Here, in the reported process as MWCNTs are used as high electrical conductivity material therefore decrease in permeability at high frequency is observed due to eddy current loss.
The value of complex permittivity including both real and imaginary part of advanced ARMC shielding material is shown in Table 3 . The value shows the complex permittivity of the sample decreases with the increase in frequency. The dielectric loss may occur due to intrinsic electrical dipole moment with in the shielding material and presence of electromagnetic field due to polarization relaxation (electronic, ionic and orientation). Relatively high permittivity of the sample can cause diectric loss, mainly by dielectric polarization, spontaneous polarization and associated relaxation phenomenon. Due to the presence of MWCNTs having high electrical conductivity 1) the strong polarization, 2) dissipation of electrostatic charges and 3) ohmic losses or multiple scattering caused by the large surface area occurs, this leads to enhanced complex permittivity in the developed advanced ARMC shielding material.
EM Wave Absorption Properties of Developed Advanced ARMC Shielding Material
Reconnoiter of the EM wave absorption properties of the advanced ARMC shielding materials done by using metal plate (being anelectric conductor). A material considering for EM shielding is placed over the limit of 20 Db. The advanced ARMC material with thickness t = 1.5 mm showed a minimum R.L of −35.5 Db at 14.0 GHz with a response band width of 1.8 GHz as shown in Table 4 . To obtain more R. L. value the thickness of the sample can be increased.
The unique designing and ceramic processing of chemical compositions and mineralogical phases of red mud, MWCNTs together with appropriate additive and solvent has been done. It results in the simultaneous and synergistic chemical reactions among various constituents results in the formation of tailored precursor. Further, the ceramic processing of tailored precursor powder in appropriate environment enables in formation of desired multiple ceramic phases namely barium iron titanium silicate (Bafertisite), barium aluminum silicate, iron titanium oxide, barium titanate, Barium iron titanium oxide, barium aluminium oxide, magnetite, iron sulphide (troilite) possessing multi elemental compositions and multi layered crystal structure possessing inherent properties of shielding EMI efficiently.
It is reported in literature that Barium titanate, Barium iron titanium oxides are very good as electromagnetic wave absorber material [25] . Further, in the present process the oxides of titanium and iron present in red mud reacts with barium hydroxide in the presence of alkaline ethylene alcohol leads to the formation of major EMI shielding phase namely barium titanate, Barium iron titanium and alkaline iron oxide species in the matrix of in-situ functionalized MWCNTs ranging from micron to sub micron up to nanosize due to the presence of CTAB chosen as one of the surfactant. Further, the multilayer characteristics of bafertisite phase and MWCNTs imparts efficient EMI shielding to the developed advanced ARMC material.
Conclusions
The following conclusions can be drawn from work carried out for the novel synthesis of advanced ARMC shielding material.
1) The results obtained represent a fundamental starting point for the synthesis of advanced ARMC shielding material utilizing red mud and MWCNTs together.
2) The process enables unique designing of chemical compositions and mineralogical phases of red mud, MWCNTs with appropriate additive and solvent for obtaining in-situ synthesis of advanced EMI shielding material by ceramic processing of tailored precursor.
3) The process involves ceramic processing of tailored precursor for the formation of major EMI shielding phase namely barium titanate, bafertisite phase and alkaline iron oxide species in the matrix of in-situ functionalized MWCNTs as confirmed by XRD studies.
4) The use of CTAB chosen as one of the surfactants enables obtaining particle size of advanced ARMC material raining from micron to sub micron up to nanosize.
5) The FESEM studies revealed that the nanoparticles were almost spherical in shape with particles size in the range of 29 -46 nm.
6) The multi layer characteristics of bafertisite phase and MWCNTs impart efficient EMI shielding to the developed ARMC.
7) The electrical conductivity of MWCNTs imparts efficient EMI shielding to the developed ARMC.
8) The presence of BaTiO 3 and TiO 2 imparts the EMI shielding due to high permittivity and high dielectric constant.
9) The presence of the magnetic phases due to alkaline oxides of iron increases the absorption of EMI waves.
